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Abstract: INTRODUCTION: The aims of this longitudinal analysis of untreated monozygotic twins were
to investigate the change of the facial soft tissues during growth, to determine the concordance of soft
tissue growth patterns between genetically identical twins, and to assess the genetic component of soft
tissue development. METHODS: The sample consisted of 33 pairs of untreated monozygotic twins (23
male, 10 female) from the Forsyth Moorrees Twin Study (1959-1975); lateral cephalograms taken from
6 to 18 years of age were analyzed at 3-year intervals. Cephalograms were traced, and longitudinal
changes in the soft tissue profile between twins were analyzed with intraclass correlation coefficients and
linear regression modelling. RESULTS: The concordance between monozygotic twins at 18 years of age
was moderate to high with intraclass correlation coefficients values between 0.37 and 0.87. Additionally,
female twins showed higher concordance at 18 years of age than did male twins for all included variables.
However, about 10% to 46% of the twin pairs had large differences in their soft tissue parameters, even
after the growth period. CONCLUSIONS: Although monozygotic twins possess the same genetic material,
differences in the soft tissues were found. This supports the complex developmental mechanism of the
human face and the varying influence of genetic and environmental factors.
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TABLES 
TABLE I. Concordance between each pair of twins for each outcome at T5 given as ICC (95% CI) 
 Overall  Gender  ANB category 
Outcome 
 
 Male Female  0-4 >4 <0 
Facial convexity 
0.87 
(0.75,0.95) 
 
0.69 
(0.55,0.81) 
0.77 
(0.62,0.87) 
 
0.63 
(0.50,0.75) 
0.74 
(0.61,0.84) 
0.78 
(0.61,0.90) 
         
Nasal prominence 
0.68 
(0.44,0.86) 
 
0.40 
(0.23,0.59) 
0.58 
(0.41,0.75) 
 
0.45 
(0.31,0.59) 
0.48 
(0.33,0.64) 
0.49 
(0.22,0.76) 
         
Nasolabial angle 
0.70 
(0.50,0.87) 
 
0.46 
(0.30,0.62) 
0.58 
(0.39,0.75) 
 
0.47 
(0.33,0.61) 
0.44 
(0.29,0.60) 
0.61 
(0.37,0.82) 
         
Upper lip length 
0.69 
(0.44,0.87) 
 
0.49 
(0.33,0.64) 
0.76 
(0.61,0.86) 
 
0.56 
(0.42,0.69) 
0.54 
(0.38,0.69) 
0.64 
(0.41,0.83) 
         
Upper lip thickness 
0.54 
(0.26,0.80) 
 
0.26 
(0.13,0.42) 
0.51 
(0.31,0.70) 
 
0.28 
(0.17,0.43) 
0.27 
(0.14,0.45) 
0.50 
(0.23,0.76) 
         
Soft tissue chin thickness 
0.37 
(0.10,0.73) 
 
0.39 
(0.24,0.56) 
0.53 
(0.35,0.71) 
 
0.46 
(0.32,0.60) 
0.40 
(0.25,0.56) 
0.56 
(0.31,0.80) 
ICC, intraclass correlation coefficient; CI, confidence interval
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TABLE II. Characteristics of the included patients through the follow-up period 
  
Values at each timepoint 
 
Absolute 
differences 
between twins in a 
pair 
  Time Patients Mean SD   
Twin 
pairs 
Mean SD 
Facial convexity 
(°) 
T1 48 158.10 4.51   24 3.21 3.40 
T2 66 157.13 4.73   33 3.18 2.56 
T3 66 158.18 4.94   33 3.33 2.77 
T4 63 158.10 5.45   31 3.30 2.49 
T5 44 159.90 7.07   22 2.92 2.00 
                
Nasal 
prominence 
(mm) 
T1 48 9.81 3.31   24 1.83 1.32 
T2 66 11.34 3.73   33 2.48 1.93 
T3 66 12.30 3.27   33 1.90 1.38 
T4 63 15.26 4.18   31 2.33 1.67 
T5 44 16.43 3.48   22 2.32 1.52 
               
Nasolabial angle 
(°) 
T1 48 117.25 11.12   24 9.11 7.65 
T2 66 117.87 9.54   33 7.97 5.23 
T3 66 115.88 9.02   33 7.84 5.81 
T4 63 118.73 8.83   31 5.48 4.09 
T5 44 117.81 9.90   22 6.20 4.39 
               
Upper lip length 
(mm) 
T1 48 21.41 2.24   24 1.51 1.22 
T2 65 23.16 2.74   33 2.46 3.80 
T3 66 23.89 2.74   33 2.07 1.43 
T4 63 24.50 3.03   31 2.12 1.69 
T5 44 25.33 3.24   22 2.24 1.22 
               
Upper lip 
thickness (mm) 
T1 48 13.23 1.57   24 1.47 1.30 
T2 65 11.83 2.06   33 1.62 1.40 
T3 66 12.30 2.00   33 1.66 1.53 
T4 63 13.34 2.14   31 1.73 1.35 
T5 44 14.16 2.34   22 1.75 1.39 
               
Soft tissue chin 
thickness (mm) 
T1 48 11.48 2.3   24 1.63 1.74 
T2 65 11.38 2.31   33 1.78 1.78 
T3 66 12.06 2.00   33 1.44 1.07 
T4 63 13.12 1.88   31 1.07 0.65 
T5 44 12.95 1.61   22 1.43 1.10 
n, patients; SD, standard deviation 
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TABLE III. Results of regression modeling with the absolute 
difference between twins in each pair as outcome 
Outcome Factor  Level b 95% CI P 
Facial 
convexity 
(°) 
Time T1 Reference      
 T2 0.03 -1.35,1.42 0.97 
 T3 0.23 -1.16,1.62 0.74 
 T4 0.27 -1.15,1.69 0.71 
 T5 -0.02 -1.59,1.55 0.98 
Gender Female   Reference      
 Male -0.18 -1.12,0.76 0.71 
ANB  0.12 -0.07,0.31 0.21 
          
Nasal 
prominence 
(mm) 
Time T1 Reference      
 T2 0.66 -0.15,1.48 0.11 
 T3 0.09 -0.72,0.91 0.82 
 T4 0.52 -0.32,1.36 0.23 
 T5 0.49 -0.45,1.42 0.31 
Gender Female   Reference    
 Male 0.47 -0.11,1.05 0.11 
ANB  0.01 -0.11,0.12 0.90 
      
Nasolabial 
angle (°) 
Time T1 Reference    
 T2 -0.89 -3.63,1.85 0.53 
 T3 -0.77 -3.54,1.99 0.59 
 T4 -2.85 -5.69,0.00 0.05 
 T5 -1.76 -4.93,1.41 0.28 
Gender Female   Reference    
 Male -0.28 -2.26,1.71 0.79 
ANB  0.54 0.14,0.93 0.007 
          
Upper lip 
length 
(mm) 
Time T1 Reference      
 T2 0.98 -0.13,2.08 0.08 
 T3 0.60 -0.51,1.72 0.29 
 T4 0.66 -0.49,1.81 0.26 
 T5 0.73 -0.56,2.01 0.27 
Gender Female   Reference    
 Male 0.92 0.11,1.74 0.03 
ANB  0.04 -0.13,0.20 0.66 
      
Upper lip 
thickness 
(mm) 
Time T1 Reference      
 T2 0.12 -0.60,0.85 0.74 
 T3 0.15 -0.58,0.88 0.69 
 T4 0.18 -0.57,0.93 0.63 
 T5 0.17 -0.65,1.00 0.68 
Gender Female   Reference      
 Male 0.03 -0.46,0.53 0.89 
ANB  -0.05 -0.15,0.05 0.30 
          
Soft tissue 
chin 
thickness 
(mm) 
Time T1 Reference      
 T2 0.12 -0.60,0.85 0.74 
 T3 0.15 -0.58,0.88 0.69 
 T4 0.18 -0.57,0.93 0.63 
 T5 0.17 -0.65,1.00 0.68 
Gender Female   Reference    
 Male 0.03 -0.46,0.53 0.89 
ANB  -0.05 -0.15,0.05 0.30 
b, unstandardized regression coefficient; CI, confidence interval. 
Bold values indicate statistically significant effects at 5%. 
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TABLE IV. Number of twin pairs with difference between twins larger than one standard 
deviation at each timepoint 
 
T1 (24 
twin pairs) 
T2 (33 
twin 
pairs) 
T3 (33 
twin 
pairs) 
T4 (31 
twin 
pairs) 
T5 (22 
twin 
pairs) 
 
Variable n (%) n (%) n (%) n (%) n (%) 
P 
value 
Facial convexity 4 (17%) 6 (18%) 5 (15%) 6 (19%) 3 (14%) 0.98 
       
Nasal prominence 4 (17%) 7 (21%) 4 (12%) 6 (19%) 5 (23%) 0.85 
       
Nasolabial angle 11 (46%) 12 (36%) 11 (33%) 3 (10%) 4 (18%) 0.02 
       
Upper lip length 4 (17%) 8 (24%) 8 (24%) 9 (29%) 8 (36%) 0.63 
       
Upper lip thickness 6 (25%) 11 (33%) 10 (30%) 10 (32%) 7 (32%) 0.97 
       
Soft tissue chin thickness 7 (29%) 10 (30%) 8 (24%) 4 (13%) 5 (23%) 0.53 
Mean standard deviation used as cut-offs for each variable: 5.34, 3.59, 9.68, 2.80, 2.02, 2.02 
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TABLE V. Results of binomial regression on the number of twin pairs with difference larger than 
one standard deviation 
 Factor Level RR 95% CI P  
Facial angle 
Time T1 Reference    
 T2 1.56 0.31,4.31 0.83  
 T3 0.98 0.33,2.89 0.97  
 T4 1.28 0.37,4.44 0.70  
 T5 0.92 0.26,3.27 0.90  
Gender Female Reference    
 Male 1.26 0.45,3.56 0.66  
ANB  1.07 0.92,1.24 0.37  
       
Nasal prominence 
Time T1 Reference    
 T2 1.29 0.42,3.93 0.66  
 T3 0.73 0.21,2.51 0.62  
 T4 1.20 0.44,3.30 0.72  
 T5 1.41 0.65,3.03 0.38  
Gender Female Reference    
 Male 2.28 0.77,6.72 0.14  
ANB  1.03 0.93,1.15 0.54  
       
Nasolabial angle 
Time T1 Reference    
 T2 0.77 0.44,1.36 0.37  
 T3 0.81 0.44,1.51 0.51  
 T4 0.23 0.07,0.72 0.01  
 T5 0.45 0.17,1.16 0.10  
Gender Female Reference    
 Male 1.13 0.55,2.34 0.73  
ANB  1.08 0.96,1.22 0.18  
       
Upper lip length 
Time T1 Reference    
 T2 1.45 0.50,4.17 0.50  
 T3 1.45 0.56,3.78 0.45  
 T4 1.77 0.59,5.35 0.31  
 T5 2.20 0.64,6.43 0.23  
Gender Female Reference    
 Male 3.36 1.21,9.34 0.02  
ANB  1.01 0.91,1.12 0.88  
       
Upper lip thickness 
Time T1 Reference    
 T2 1.31 0.52,3.33 0.57  
 T3 1.18 0.45,3.06 0.74  
 T4 1.22 0.59,2.52 0.59  
 T5 1.15 0.43,3.05 0.78  
Gender Female Reference    
 Male 1.13 0.73,1.75 0.58  
ANB  0.94 0.87,1.01 0.11  
       
Chin thickness 
Time T1 Reference    
 T2 1.16 0.56,2.39 0.70  
 T3 0.92 0.44,1.93 0.83  
 T4 0.48 0.16,1.49 0.21  
 T5 0.86 0.28,2.67 0.80  
Gender Female Reference    
 Male 2.00 0.82,4.92 0.13  
ANB  1.04 0.93,1.17 0.48  
RR, relative risk; CI, confidence interval 
